The aim of this study was to test the hypothesis that carbon monoxide diffusing capacity (Dco) is elevated in asthmatic patients with minimal airflow limitation and/or hyperinflation; the latter factors should reduce the possibility of technical errors in the measurement of Dco. In ten asthmatic and ten healthy subjects, Dco and its components, membrane diffusing capacity (Dm) and pulmonary capillary blood volume (Qc) In an attempt to help clarify the interpretation of Dco in asthmatic subjects, the following hypothesis was tested: in asthmatic patients in remission, ie, with mild residual airflow limitation and minimal hyperinflation, the methodologic and physiologic reasons for an elevated Dco should be eliminated; therefore, the Dco in asthmatic subjects in remission should be similar to the values obtained in a reference group of healthy subjects. 
The aim of this study was to test the hypothesis that carbon monoxide diffusing capacity (Dco) is elevated in asthmatic patients with minimal airflow limitation and/or hyperinflation; the latter factors should reduce the possibility of technical errors in the measurement of Dco. In ten asthmatic and ten healthy subjects, Dco and its components, membrane diffusing capacity (Dm) and pulmonary capillary blood volume (Qc) were measured by the singlebreath method. Values were normalized for alveolar volume Carbon monoxide pulmonary diffusing capacity of the lungs (Dco) has been reported to be decreased, I normal2-5 or elevated5-'0 in asthmatic patients. Most of the evidence suggests that Dco is frequently elevated, even when the value is normalized for alveolar volume (VA).
Both technical and physiologic factors have been invoked to explain this phenomenon. Some of the methodologic-technical explanations put forward have related to the effects of prolonged expiration and include errors in the estimation of diffusing time, timing and volume of alveolar gas sampling and measurement of VA. These factors become important when there is significant inspiratory and/or expiratory airflow limitation2 and ineffective gas mixing.3,11 Phys- iologic explanations of the elevated Dco in asthma include increased perfusion of the apices,8 increased pulmonary capillary blood volume6'7 (as a result of inspiration through obstructed airways) and increased membrane diffusing capacity resulting from hyperinflation. '10 In an attempt to help clarify the interpretation of Dco in asthmatic subjects, the following hypothesis was tested: in asthmatic patients in remission, ie, with mild residual airflow limitation and minimal hyperinflation, the methodologic and physiologic reasons for an elevated Dco should be eliminated; therefore, the Dco in asthmatic subjects in remission should be similar to the values obtained in a reference group of healthy subjects.
(VA). The mean DcO/VA was higher in the asthma groups as was the Qc/VA. The Dm/Qc was also higher in the asthma group. In the asthmatic but not the healthy subjects, both DCo/VA and Qc/VA were negatively correlated with the forced expiratory flow at 50 percent of vital capacity and peak inspiratory flow rate. Thus, DCO Informed consent was obtained from all the subjects after the nature of the tests had been fully explained to them.
METHODS
Lung mechanics were evaluated in patients and reference subjects from maximal inspiratory and expiratory flow-volume loops and the single-breath nitrogen washout test. The flow-volume curves were recorded from a wedge spirometer (Med Science Corp) and a minimum ofthree successive loops were obtained from each subject. The expiratory flow-volume curve with the greatest sum of forced expiratory volume in one second (FEVy) and forced vital capacity (FVC) was selected for analysis, as was the inspiratory curve with the greatest peak inspiratory flow (PIFR). The single-breath nitrogen (SBN) washout tests were recorded immediately after the flowvolume curves. The washout tests were considered technically acceptable if inspired and expired slow vital capacities were within 5 percent of each other and were within 5 percent of the inspiratory capacity from the best flow-volume curve.
The expired nitrogen concentration was measured with a calibrated, rapid-response nitrogen analyzer (Med Science Corp) and was plotted against expired volume. The expired volume ofnitrogen was determined by digital integration of the area under the expired nitrogen-volume curve. The efficiency of alveolar gas mixing was determined by the method of Cumming and Guyatt12 in which the volume of Na recovered is expressed as a percentage of the Na volume expected, if gas mixing were perfect.
The single-breath Dco was measured in duplicate at a low oxygen (FIo2= 0.20) and a high oxygen FIo2=0.80) concentration, at approximately the same time of day in all subjects. A Transfer-test model C apparatus (P. K. Morgan, Ltd) was used and Dco was computed according to the equation given by Clausen."3 The Dco was measured initially at a low oxygen concentration, ensuring that the inspired volume was within ten percent of the inspired vital capacity obtained in the flow-volume loop. Thereafter the patients breathed pure oxygen for five minutes prior to Dco measurements at the high oxygen concentration. In successive measurements, the breath-holding time was held constant (9 to 11 s) and inspired vital capacity agreed within 5 percent. The rate of reaction of carbon monoxide with hemoglobin (0) and the values for the membrane diffusing capacity (Dm) and pulmonary capillary blood volume (Qc) were derived from the formulae given by Cotes. 14 In order to normalize Dco values for inter-subject differences in VA, the diffusing capacity was also expressed per unit alveolar gas volume (Dco/VA), the latter volume derived by helium dilution during the transfer tests.
Effective breath-holding time was calculated after Jones and Meadel" and was measured from 3/10 of inspiration to half-way through the alveolar sample. A correction was applied for instrument and anatomic deadspace, the latter taken to be 2.2 mI/kg. 16 Washout volume was 900 ml and the alveolar sample was 900 ml. This is similar to the method described by Graham et al2 which was shown to yield results that agreed closely with their three-equation method. Since the hemoglobin concentrations were similar in the two groups, no hemoglobin correction was applied.
Prior to the CO transfer measurements, the hemoglobin (Hb) and carboxyhemoglobin concentrations (HbCO) were measured spectrophotometrically (Instrument Laboratories IL 282), with the COoximeter having been calibrated against a commercially available standard specimen prior to the measurements.
In determining differences between the asthmatic and nonasthmatic subjects, both the Student t test and the non-parametric Mann-Whitney U test were used. The two tests yielded similar levels of significance. The values in the tables, and foregoing text, are the mean ± the standard deviation.
RESULTS
The group data are summarized in Table 1 
Breath-Holding Time
The breath-holding time (At) is a critical variable in the calculation of diffusing capacity 2, 11, 15, 1619 Failure to take into account both a portion of the inspiratory time and the expiratory time during alveolar sampling results in underestimation of At and, therefore, leads to overestimation of Dco. Continuous measurement of both CO and the inert gas (eg, helium) is the ideal and Graham et al19 have derived an improved, threeequation method of calculating Dco which is more accurate than the conventional, single-equation method. 13, 14 However, even in the presence of marked expiratory airflow limitation, the use of At according to Jones and Meade,'5 and Morris and Crapo'6 appeared to be a satisfactory alternative in the measurement of Dco in asthmatic patients.2 This was the case, both when the timing of a small alveolar sample (200 ml) was accurately controlled and when a washout volume of 1 L was allowed, prior to taking an alveolar sample of 1 L. 2 In the study of Graham et al,2 the overestimation of Dco was slight when using the modified Jones and Meade method (102.7 ± 3.34 percent of the threeequation value) and the degree of overestimation of Dco could be correlated with the degree of expiratory CO Diffusing Capacity in Asthmatic Patients (Robert 1. Stewart) airflow limitation. Since the modified Jones and Meade method of determining At and of alveolar sampling were used in the present study, and since the patients had only mild expiratory airflow limitation (FEVI/FVC 77.9 ± 10.4 percent), it is contended that underestimation of At was not a significant factor contributing to the higher Dco/VA values in the asthmatic subjects.
Alveolar Volume
Another possible explanation for the different values of diffusing capacity values in this study is the significantly lower alveolar volume (TLCHe) in the asthmatic subjects in whom the helium method resulted in a lower estimate of TLC (by approximately 600 ml or 12 percent) when compared with the single-breath nitrogen method. This may be explained by the fact that in the latter method the mean nitrogen content is determined from the expired vital capacity and not from a small sample of the expired volume. In this respect the difference in the slope of phase 3 of the nitrogen washout between the two groups may indicate a real difference in gas mixing.
By normalizing the Dco and the derived indices for VA, one corrects for an underestimation in their values that may result from an underestimation in the alveolar volume. 18 It is possible, but unlikely, that the asthmatic patients failed to inspire to TLC. This would result in higher values for Qc, as noted by Werner and Beneken Kolmer;18 however, the normalization procedure corrects for any such overestimation. 18 It is therefore likely that, despite differences in alveolar volume, there are real differences in the diffusing capacity and capillary blood volume between the groups. The steady-state method of measuring diffusing capacity would eliminate underestimation of alveolar volume and should, perhaps, be used in future studies of a similar nature.
Determinants of Dco/VA in Asthma
There was a clear difference between the two groups with regard to diffusing capacity Since the hemoglobin concentrations were similar in the two groups and none of the subjects smoked, it is unlikely that discrepancies in the HbCO reaction rate (0) could account for the Dco/VA differences. The remaining possibilities are the membrane diffusing capacity and capillary blood volume.
There was a negative correlation between DcO/VA and indices of expiratory and inspiratory airflow in the asthmatic patients but not in the reference subjects (Fig 2) . There was, however, no difference between the mean PIFR in the two groups. The major determinants of PIFR are muscular effort, elastance of the respiratory system and airway resistance. It 
